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Abstract 

The convergence problem of the many-body Pauh projector is studied. It is proved 
that the kern of the complete many-body projector is identical with the kern of the sum 
of two-body projectors. Since the kern of the many-body projector defines an allowed 
Q I subspace, it is argued that the truncation of the many-body model space following the 

CN ' only two-body projectors is a good approximation. These relations clarifies the role of 

. the many-body Pauli forces in a multicluster system. 
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The problem of removal of forbidden states (FS) in a many body system has been discussed 
extensively during the last years [1, 2, 3, 4, 5, 6]. The most popular system is the nucleus ^^C as 
3a. When using a deep a — a potential of the BFW form [7] there are three Pauli forbidden states 
in the each two-body subsystem: \0S > , \2S > and \2D >. For the realistic description of the 
system one has to eliminate all FS from the solution of the many-body Schrodinger equation by 
1/-^ ' using the SUSY method [8], the OCM [9] or the method of OPP [10]. Recently it has been found 
. [4, 5] that the energy spectrum of the ground and first excited 2+1 states of the 3a is extremely 

sensitive to the description of "almost forbidden states" which correspond to the almost zero eigen 
values of the operator (the sum of two-body projectors) : P = J2i -P? ; where each Pj is the projector 
■ on Pauli-forbidden states in the i-th two-body subsystem. A serious problem was to answer the 
. question: to eliminate these states or to keep in the three-body model space? In the first case 
one has a strong underbinding , while the second way results in a large overbinding. An original 
solution was suggested in Ref . [5] to use the microscopic description of the forbidden states and not 
^ . to use the FS of the BFW potential . Such a way gives "normal" three-body FS contrary to the 
^ I three-body FS derived from the potential. On the other hand, the complete projector is more than 
the sum of two-body projectors: ( see Ref. [1]) 

3 3 3 

^ = T.P- E P^PJPk-■■■, (1) 

1=1 iT^j=l i^j^k=l 

where 

A = EfF\ (2) 

and F) is the projecting operator to the /-wave forbidden state in the two-body subsystem {j + k), 
{i,j,k) = (1,2,3), and their cyclic permutations. Here two-body projectors do not commute each 
with other: Pi * Pj ^ Pj * Pi and P^ = Pi. However, they commute with the complete projector: 
Pi*T = F * Pj = Pi. One has to note that the method OPP uses only the first term of the expansion 
for the operator F with a large multiply parameter . A question is, whether the neglecting of the 
next terms of the complete projector in the method of OPP is a good approximation? In other 
words, are the three-body Pauli forces negligible? Our estimation for the overlap of the |05 > 
forbidden states from different subsystems was around 1.367 which means that the terms like 
Pj * Pj would give additional non negligible contribution to the projector. However, for the 3a 



system the microscopic calculations show negligible contribution from many-body Pauli forces [5]. 
Thus, the convergence of the expansion (1) for the full projector must be proved. 

A way to relate the spectrum of the complete projector F with the sum of the two-body 
projectors P is based on the algebra of the operators Pi. A final result can be formulated as a 

THEOREM 1: The complete many-body projector T is related to the sum of the two-body 
projectors P = J2iPi ^ 

f = 1 - lim (1 - P)"* (3) 
Proof: We define the operator r„ as the sum of the first n terms in the expansion of Eq.(l): 

3 3 3 

1=1 i^j=l ij^jy^k=l 

(_l)(n-l) ^ Pnh2---hn 

With this definition, we will prove the relation 

f „ = 1 - (1 - Pr (4) 

for any value of m. The proof will be done by using the mathematical induction. First we note 
that the Eq. (4) is correct for m = 1. Now we assume that it is correct for m = n and we prove it 
for the case m = n + l. By multiplying the operator r„ from the left side by the two-body operator 
P and using the commutation relations of the projectors Pi we can write the relation: 

3 3 3 3 3 

Ptn = J2Pi+ E ^i^^ - E ^i^j + E ^i^j^k - E ^i^j^k + " " " + 

(_!)("-!) PaA2---PmPm+l=P+ E PilPi2 ■ ■ ■ PinPin+l (5) 

ily^i2--- il^i2- 

In the last equation all terms are canceled except the first ant the last ones. It gives us the relation: 

E PaPi2---PmPm+l = (-l)("+'^^(fn-l) (6) 

On the other hand, from the definition of the operator r„ one can write: 

Tn+l = r„ -I- ( — 1)" ^ PilPi2 ■ ■ ■ PinPin+1 (7) 

il=ii2--- 

Now by using the relation (6), finally, we can obtain the equation: 

f„+i = l-(l-P)("+i). (8) 

The proved relation (3) enables us a way to define the allowed many-body model space, which 
corresponds to the kern of the operator T. Thus we come to the 

THEOREM 2: The kern of the operator P = J2iPi is identical with the kern of the 
complete many-body projector T . 

Proof: Let ^ belongs to the kern of the operator P, i.e. it is an eigen-function of the operator 
P corresponding to the eigen-value A = 0: P^ = 0. Then from the relation (3) one can find 

= 0. And, contrary, if ^ belongs to the kern of the operator F, then for a large value of the 
m, ^' is an eigen-function of the the operator (1 — P)™: (1 — P)"^^' = The last relation is valid 
only when P^ = 0, i.e. when 'I' belongs to the kern of the operator P = J2i Pi 

This theorem clarifies the role of many-body Pauli forces in multicluster systems. Since the kern 
of the projecting operator defines an allowed subspace, it is good enough to expand a probe function 
of the many-body Hamiltonian over the eigen states of the operator P = Pi corresponding to 
the zero eigen-value. The obtained results indicate that the truncation of the allowed model space 
following the operator P is a good approximation. This way is valid even for the case when the 
operators Pi and Pj overlap strongly. 
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